Squalene hopene cyclases are protonases for stereoselective Brønsted acid catalysis.
For many important reactions catalyzed in chemical laboratories, the corresponding enzymes are missing, representing a restriction in biocatalysis. Although nature provides highly developed machineries appropriate to catalyze such reactions, their potential is often ignored. This also applies to Brønsted acid catalysis, a powerful method to promote a myriad of chemical transformations. Here, we report on the unique protonation machinery of a squalene hopene cyclase (SHC). Active site engineering of this highly evolvable enzyme yielded a platform for enzymatic Brønsted acid catalysis in water. This is illustrated by activation of different functional groups (alkenes, epoxides and carbonyls), enabling the highly stereoselective syntheses of various cyclohexanoids while uncoupling SHC from polycyclization chemistry. This work highlights the potential of systematic investigation on nature's catalytic machineries to generate unique catalysts.